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Abstract 


Cannabinoids, the active components of Cannabis sativa L., act in the body by mimicking endo- 
genous substances - the endocannabinoids - that activate specific cell surface receptors. Cannabi- 
noids exert palliative effects in cancer patients. For example, they inhibit chemotherapy-induced 
nausea and vomiting, stimulate appetite and inhibit pain. In addition, cannabinoids inhibit tumor 
growth in laboratory animals. They do so by modulating key cell signaling pathways, thereby in- 
ducing antitumoral actions such as the apoptotic death of tumor cells as well as the inhibition of 
tumor angiogenesis. Of interest, cannabinoids seem to be selective antitumoral compounds as they 
can kill tumor cells without significantly affecting the viability of their non-transformed counter- 
parts. On the basis of these preclinical findings a pilot clinical study of A’-tetrahydrocannabinol 
(THC) in patients with recurrent glioblastoma multiforme has recently been run. The fair safety 
profile of THC, together with its possible growth-inhibiting action on tumor cells, may set the ba- 
sis for future trials aimed at evaluating the potential antitumoral activity of cannabinoids. 
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Preparations from the hemp plant Cannabis sativa L. 
have been used for many centuries both medicinally 
and recreationally. However, the chemical structure of 
their unique, active components — the cannabinoids — 
was not elucidated until the early 1960s. Although the 
pharmacology of most of the cannabinoids is still un- 
known, it is widely accepted that A’-tetrahydrocanna- 
binol (THC) is the most important, owing to its high 
potency and abundance in cannabis. Nowadays we 
know that THC exerts a wide variety of biological 
effects by mimicking endogenous substances - the so- 
called endocannabinoids - that bind to and activate 
specific cell surface cannabinoid receptors, two of 
which - CB, and CB, - have so far been cloned and 
well characterized from mammalian tissues [14, 18]. 

One of the most active areas of current research in the 
cannabinoid field is the study of the potential applicati- 
on of cannabinoids as therapeutic agents. Among these 
possible applications, cannabinoids have been known 
to exert palliative effects in cancer patients since the 
early 1970s [11, 13]. The best established of these 
effects is the inhibition of chemotherapy-induced nau- 
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sea and vomiting. Today, capsules of THC (Marinol- 
TM) and its synthetic analogue nabilone (Cesamet- 
TM) are approved in several countries for that purpose. 
Other potential palliative effects of cannabinoids in 
oncology - supported by phase III clinical trials - inclu- 
de appetite stimulation and pain inhibition. 

Cannabinoids have also been proposed as potential 
antitumoral agents on the basis of experiments perfor- 
med both in cultured cells and in animal models of 
cancer [1, 11]. These antiproliferative properties of 
cannabis compounds were first reported by 30 years 
ago, when it was shown that THC inhibits lung adeno- 
carcinoma cell growth in vitro and after oral administ- 
ration in mice [16]. Although these observations were 
promising, further studies in this area were not perfor- 
med until the late 1990s, mostly by Di Marzo’s group 
(reviewed in [1]) and Guzman’s group (reviewed in 
[11]). A number of plant-derived, synthetic and endo- 
genous cannabinoids are now known to exert antiproli- 
ferative actions on a wide spectrum of tumor cells in 
culture. More importantly, cannabinoid administration 
to mice curbs the growth of various types of tumor 
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xenografts, including lung carcinoma [16], glioma [10], 
thyroid epithelioma [2], skin [8] and pancreatic [6] 
carcinoma, lymphoma [17] and melanoma [3]. The 
requirement of cannabinoid receptors for this antitumo- 
ral effect has been revealed by various biochemical and 
pharmacological approaches, in particular by determi- 
ning cannabinoid receptor expression in the tumors and 
by using selective cannabinoid receptor agonists and 
antagonists. 

Most of our research on cannabinoid antitumoral action 
has focused on malignant brain tumors (gliomas), one 
of the most aggressive forms of cancer. Initial experi- 
ments showed that local administration of THC or the 
synthetic cannabinoid agonist WIN-55,212-2 reduces 
the size of tumors generated by intracranial inoculation 
of a glioma cell line in rats [10]. Additional studies 
were performed on tumor xenografts generated by 
subcutaneous injection of glioma cells in immune- 
deficient mice. Local administration of THC, WIN- 
55,212-2 or the selective CB, cannabinoid receptor 
agonist JWH-133 decreased the growth of tumors deri- 
ved not only from a glioma cell line but also from gli- 
oblastoma multiforme cells obtained from a patient 
[10, 22]. These and other studies also showed that 
cannabinoids inhibit glioma cell growth by binding to 
their specific cannabinoid receptors on the surface of 
tumor cells, thereby modulating key cell signaling 
pathways. This reduces in turn the proliferation of 
tumor cells by at least two mechanisms: a process of 
programmed cell death called apoptosis [7, 10, 22] and 
an impairment of tumor vascularization and therefore 
blood (i.e., nutrient and oxygen) supply [4, 5, 8, 19]. 
Remarkably, this antiproliferative effect seems to be 
selective for tumor cells, as the survival of normal 
brain cells is unaffected or even favored by cannabi- 
noid challenge [11], supporting the notion that canna- 
binoid receptors regulate cell survival and cell death 
pathways differently in tumor and non-tumor cells. 

On the basis of these preclinical findings we have re- 
cently conducted a pilot phase I clinical trial in which 9 
patients with recurrent glioblastoma multiforme were 
administered THC intratumorally [12]. The patients 
had previously failed standard therapy (surgery and 
radiotherapy) and had clear evidence of tumor progres- 
sion. The primary endpoint of the study was to deter- 
mine the safety of intracranial THC administration. We 
also evaluated THC action on length of survival and 
various tumor cell parameters. A dose escalation re- 
gime for THC administration was assessed. Cannabi- 
noid delivery was safe (no significant alterations in 
physical, neurological, biochemical and haematological 
parameters could be ascribed to THC in any of the 
patients) and could be achieved without overt psycho- 
active effects. Median survival of the cohort from the 
beginning of cannabinoid administration was 24 weeks 
(95% CI: 15-33). THC decreased tumor cell prolifera- 
tion (as determined by Ki67 immunostaining; [12]) and 
increased tumor cell apoptosis (as determined by acti- 


ve-caspase 3 immunostaining; [7]) when administered 
to 2 patients. 

The fair safety profile of THC, together with its pos- 
sible antiproliferative action on tumor cells, may set the 
basis for future trials aimed at evaluating the potential 
antitumoral activity of cannabinoids. These possible 
new trials could involve one or more of the following 
modifications: 


— Patients with newly diagnosed tumors. Pilot place- 
bo-controlled trials for recurrent glioblastoma mul- 
tiforme with temozolomide, a DNA-damaging a- 
gent that constitutes the current benchmark for the 
management of malignant gliomas, showed a very 
slight impact on overall length of survival (median 
survival = 24 weeks; 6-month survival = 46-60%) 
[9]. Further trials in patients with newly-diagnosed 
tumors allowed a clear improvement in the thera- 
peutic efficacy of temozolomide through the deve- 
lopment of various administration regimes [20, 23]. 
It is therefore conceivable that better outcomes 
could also be obtained with cannabinoid-based the- 
rapies in newly-diagnosed gliomas. 


— THC in combination with temozolomide. Gli- 
oblastoma multiforme — particularly when relapse 
occurs - is an extremely lethal disease. The success 
of potential treatments is usually hampered by fac- 
tors such as the rapid growth, remarkable heteroge- 
neity, high degree of infiltration and extreme re- 
sistance to chemotherapy displayed by these tu- 
mors. It is therefore conceivable that combined 
therapies could provide better results than single- 
agent therapies. For example, by synergizing via 
complementary signaling pathways THC plus te- 
mozolomide might exert a more potent clinical im- 
pact than either THC or temozolomide alone. 


— Non-invasive administration route. Although intra- 
tumoral delivery may allow a high local concentra- 
tion of the drug in situ, in the case of large tumors 
such as actively growing recurrent glioblastoma 
multifome the local perfusion through a catheter 
placed at one point of the tumor constitutes an ob- 
vious limitation of the technique. In addition, a non- 
invasive, less traumatic route would be more desi- 
rable in the clinical practice. Alternative or comple- 
mentary options for THC administration would in- 
clude oral capsules and oro-mucosal sprays. These 
preparations could also include cannabidiol in their 
composition as this cannabinoid has been shown to 
inhibit the growth of glioma cell xenografts in nude 
mice [15] and may prevent some of the unwanted 
effects of THC treatment in patients [21]. 


— Other types of tumors. We and others have shown 
that THC and synthetic cannabinoids, besides their 
anti-glioma activity, inhibit the growth of different 
types of tumor xenografts in mice (see above). Tri- 
als on these and other types of tumors might also be 
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run to test the antitumoral activity of cannabinoids 
in these malignant diseases. 


References 


l. 


10. 


11. 


Bifulco M, Di Marzo V. Targeting the endocan- 
nabinoid system in cancer therapy: a call for 
further research. Nat Med. 2002;8:547-50. 
Bifulco M, Laezza C, Portella G, Vitale M, Or- 
lando P, De Petrocellis L, Di Marzo V. Control 
by the endogenous cannabinoid system of ras on- 
cogene-dependent tumor growth. FASEB J. 
2001;15:2745-7. 

Blázquez C, Carracedo A, Barrado L, Real PJ, 
Fernández-Luna JL, Velasco G, Malumbres M, 
Guzmán M. Cannabinoid receptors as novel tar- 
gets for the treatment of melanoma. FASEB J. 
2006;Epub ahead of print. 

Blázquez C, Casanova ML, Planas A, del Pulgar 
TG, Villanueva C, Fernandez-Acefiero MJ, Ara- 
gonés J, Huffman JW, Jorcano JL, Guzmán M. 
Inhibition of tumor angiogenesis by cannabi- 
noids. FASEB J. 2003;17:529-31. 

Blázquez C, González-Feria L, Álvarez L, Haro 
A, Casanova ML, Guzmán M. Cannabinoids in- 
hibit the vascular endothelial growth factor path- 
way in gliomas. Cancer Res. 2004;64:5617-23. 


Carracedo A, Gironella M, Lorente M, Garcia S, 
Guzmán M, Velasco G, Iovanna JL. Antitumoral 
effect of cannabinoids on pancreatic cancer. Can- 
cer Res. 2006;66:6748-55. 

Carracedo A, Lorente M, Egia A, Blázquez C, 
Garcia S, Giroux V, Malicet C, Villuendas R, Gi- 
ronella M, González-Feria L, Piris MA, Iovanna 
JL, Guzmán M, Velasco. The stress-regulated 
protein p8 mediates cannabinoid-induced apopto- 
sis of tumor cells. Cancer Cell. 2006;9:301-12. 
Casanova L, Blázquez C, Fernández-Aceñero MJ, 
Villanueva C, Huffman J, Jorcano JL, Guzmán, 
M. Inhibition of skin tumor growth and angioge- 
nesis in vivo by activation of cannabinoid recep- 
tors. J Clin Invest. 2003;111:43-50. 

Dinnes J, Cave C, Huang S, Milne R. A rapid and 
systematic review on the effectiveness of temozo- 
lomide for the treatment of recurrent malignant 
glioma. Br J Cancer. 2002;86:501-5. 
Galve-Roperh I, Sánchez C, Cortés ML, Gómez 
del Pulgar T, Izquierdo M, Guzmán M. Anti- 
tumoral action of cannabinoids: involvement of 
sustained ceramide accumulation and extracellu- 
lar signal-regulated kinase activation. Nat Med. 
2000;6:313-19. 

Guzmán M. Cannabinoids: potential anticancer 
agents. Nat Rev Cancer. 2003;3:745-55. 


Cannabinoids ¢ Vol 1, No 2 * December 10, 2006 


12. 


13. 


14. 


17. 


18. 


19. 


20. 


21. 


22, 


23. 


Guzmán 


Guzmán M, Duarte MJ, Blázquez C, Ravina J, 
Rosa MC, Galve-Roperh I, Sánchez C, Velasco 
G, González-Feria L. A pilot clinical study of A9- 
tetrahydrocannabinol in patients with recurrent 
glioblastoma multiforme. Br J Cancer. 
2006;95:197-203. 

Hall W, Christie M, Currow D. Cannabinoids and 
cancer: causation, remediation, and palliation. 
Lancet Oncol. 2005;6:35-42. 

Howlett AC, Barth F, Bonner TI, Cabral G, Ca- 
sellas P, Devane WA, Felder CC, Herkenham M, 
Mackie K, Martin BR, Mechoulam R, Pertwee 
RG. International Union of Pharmacology. 
XXVII. Classification of cannabinoid receptors. 
Pharmacol Rev. 2002;54:161-202. 

Massi P, Vaccani A, Ceruti S, Colombo A, Ab- 
bracchio MP, Parolaro D. Antitumor effects of 
cannabidiol, a nonpsychoactive cannabinoid, on 
human glioma cell lines. J Pharmacol Exp Ther. 
2004;308:838-45. 

McKallip RJ, Lombard C, Fisher M, Martin BR, 
Ryu S, Grant S, Nagarkatti PS, Nagarkatti M. 
Targeting CB2 cannabinoid receptors as a novel 
therapy to treat malignant lymphoblastic disease. 
Blood. 2002; 100:627-34. 

Munson AE, Harris LS, Friedman MA, Dewey 
WL, Carchman RA. Antineoplastic activity of 
cannabinoids. J Natl Cancer Inst. 1975;55:597- 
602. 

Piomelli D. The molecular logic of endocannabi- 
noid signalling. Nat Rev Neurosci. 2003;4:873- 
84. 

Portella G, Laezza C, Laccetti P, De Petrocellis 
L, Di Marzo V, Bifulco M. Inhibitory effects of 
cannabinoid CB1 receptor stimulation on tumor 
growth and metastatic spreading: actions on sig- 
nals involved in angiogenesis and metastasis. 
FASEB J. 2003;17:1771-3. 

Reardon DA, Rich JN, Friedman HS, Bigner DD. 
Recent advances in the treatment of malignant 
astrocytoma. J Clin Oncol. 2006;24:1253-65. 
Russo E, Guy GW. A tale of two cannabinoids: 
the therapeutic rationale for combining tetra- 
hydrocannabinol and cannabidiol. Med Hypothe- 
ses. 2006;66:234-46. 

Sanchez C, de Ceballos ML, Gómez del Pulgar T, 
Rueda D, Corbacho C, Velasco G, Galve-Roperh 
I, Huffman JW, Ramon y Cajal S, Guzman M. 
Inhibition of glioma growth in vivo by selective 
activation of the CB2 cannabinoid receptor. Can- 
cer Res. 2001;61:5784-9. 

Stupp R, van den Bent MJ, Hegi ME. Optimal 
role of temozolomide in the treatment of ma- 
lignant gliomas. Curr Neurol Neurosci Rep. 
2005;5:198-206. 


